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COMBINATION NON- VOLATILE MEMORY AND INPUT-OUTPUT CARD 

WITH DIRECT MEMORY ACCESS 

BACKGROUND OF THE INVENTION 
[0001] This invention relates, generally, to the use and structure of removable 
electronic circuit cards and, more specifically, to cards having both a non-volatile 
memory module and an input-output ("I/O") module. 

[0002] Various commercially available non-volatile memory cards that are 
becoming popular are extremely small and have different mechanical and/or electrical 
interfaces. Examples include the related MultiMediaCard ("MMC") and Secure 
Digital ("SD") memory cards that are available from SanDisk Corporation of 
Sunnyvale, California, assignee of the present application. There are other cards that 
conform to standards of the International Organization for Standardization ('ISO") 
and the International Electrotechnical Commission ("EEC"), an example that is widely 
implemented being known as the ISO/DEC 7816 standard. 

[0003] The physical and electrical specifications for the MMC are given in "The 
MultiMediaCard System Specification" that is updated and published from time-to- 
time by the MultiMediaCard Association ("MMCA") of Cupertino, California. 
Versions 2.11 and 2.2 of that Specification, dated June 1999 and January 2000, 
respectively, are expressly incorporated herein by this reference. MMC products 
. having varying storage capacity up to 64 megabytes in a single card are currently 
available from SanDisk Corporation, and capacities of 128 megabytes are expected to 
be available in the near future. These products are described in a "MultiMediaCard 
Product Manual," Revision 2, dated April 2000, published by SanDisk corporation, 
which Manual is expressly incorporated herein by this reference. Certain aspects of 
the electrical operation of the MMC products are also described in co-pending patent 
applications of Thomas N. Toombs and Micky Holtzman, Serial Nos. 09/185,649 and 
09/186,064, both filed November 4, 1998, and assigned to SanDisk Corporation. The 
physical card structure and a method of manufacturing it are described in U.S. patent 
no. 6,040,622, assigned to SanDisk Corporation. Both of these applications and 
patent are also expressly incorporated herein by this reference. 
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[0004] The newer SD Card is similar to the MMC card, having the same size 
except for an increased thickness that accommodates an additional memory chip. A 
primary difference between them is that the SD Card includes additional data contacts 
in order to enable faster data transfer between the card and a host. The other contacts 
of the SD Card are the same as those of the MMC card in order that sockets designed 
to accept the SD Card will also accept the MMC card. The electrical interface with 
the SD card is further made to be, for the most part, backward compatible with the 
MMC product described in version 2.11 of its specification referenced above, in order 
that few changes to the operation of the host need be made in order to accommodate 
both types of card. Certain aspects of the SD card are described in United States 
patent application serial no. 09/641,023, filed August 17, 2000, which application is 
incorporated herein by this reference. 

[0005] Cards made according to the ISO/EEC 7816 standard are of a different 
shape, have surface contacts in different positions, and a different electrical interface 
than the MMC and SD Cards. The ISO/EBC 7816 standard has the general title of 
"Identification cards -Integrated Circuit(s) Cards with Contacts," and consists of parts 
1-10 that carry individual dates from 1994 through 2000. This standard, copies of 
which are available from the ISO/TEC in Geneva, Switzerland, is expressly 
incorporated herein by this reference. ISO/IEC 7816 cards are particularly useful in 
applications where data must be stored in a secure manner that makes it extremely 
difficult or impossible for the data to be read in an unauthorized manner. The small 
ISO/IEC 7816 cards are commonly used in cellular telephones, among other 
applications. 

[0006] Currently, data is transferred between the memory card and some external 
device through the host system to which the memory card is connected. Not all host 
systems with which such memory cards are used are particularly adapted to so 
transfer certain types or large amounts of data in a fast, efficient and convenient 
manner. 

SUMMARY OF THE INVENTION 
[0007] Therefore, the present invention, briefly and generally, utilizes a 
removable electronic circuit card having both a memory module with a non-volatile 
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mass storage memory and a separate input-output module so that data transfers may 
be made through the input-output module directly to and from the mass storage 
memory in a direct memory access (DMA) type transfer when the card is inserted into 
the host system but without having to pass the data through the host system. Once the 
host gives a DMA command, the data transfer is accomplished independently of the 
host system, except for the host supplying power and possibly a clock signal and other 
like support, during such a data transfer directly with the card. The controller 
structure of a memory card is modified so that is can also act as a controller to such a 
DMA transfer between the memory module and the input-output module. The data 
for the transfer can be communicated between the input-output module and the 
exterior device through either wireless or an electrical connection means. For 
example, the input-output module can have an antenna or other type of transceiver. 

[0008] The introduction of a DMA mechanism between the input-output module 
and memory module in a single card has a number of advantages. Since the host only 
initiates the data transfer, it can have a minimum involvement in the actual data 
transfer, and hence it can deal with other tasks while the input-output and memory 
modules transfer data amongst themselves. Also, as the bus can be idle during the 
data transfer, power consumption is reduced. Additionally, the DMA mechanism 
requires less command and response transaction, and thus the data transfer becomes 
faster than in the traditional way. 

[0009] In a first set of embodiments, the memory module and input-output 
module each have their own controller for individually communicating with the host 
through the card's bus. In this case, the DMA transfer can use this bus and a clock 
signal is supplied from the host. In a second set of embodiments, a single controller is 
used for both modules and the DMA transfer uses a path distinct from the bus used by 
the controller to transfer data and commands to and from the host. 

[0010] Additional details, features and advantages of the present invention will 
become apparent from the following description, which should be taken in 
conjunction with the accompanying drawings. 
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TVRTF.F DESCRIPTTON OF THE DRAWINGS 
[0011] Figure 1 illustrates a system in which a combination card of a non-volatile 
memory module and an input-output module are utilized; 

[0012] Figure 2 shows the pin assignments of an example card and system socket 
in which the card is inserted; 

[0013] Figure 3 is a block diagram of the operation of a first embodiment of the 
cards of Figures 1 and 2; 

[0014] Figure 4 is a more detailed electronic block diagram of the card of Figure 

3; 

[0015] Figure 5 is a block diagram of the operation of a second embodiment of 
the cards of Figures 1 and 2; 

[0016] Figure 6 is a more detailed electronic block diagram of the card of Figure 
5; 

[0017] Figure 7 is a flow chart describing the DMA operation of the present 
invention; and 

[0018] Figure 8 is a table showing an exemplary command structure. 

r>RSCRTPTTON OF SPHCIFIC EMBODIMENTS 
[0019] With reference to Figure 1, a host electronic system 31 is illustrated to 
include a socket 33 into which one or more types of commercially available 
removable electronic circuit card, such as the memory cards summarized in the 
Background above, may be inserted and removed by the user. The socket 33 may be 
built into the host 31 or physically separate and connected by a cable or cableless 
means. The host 31 may be a personal computer, in desktop or notebook form, which 
includes the socket 33 that receives such a card. Other examples of host systems 
containing such a card socket include various portable electronic devices, such as 
hand held computers, personal organizers, other personal digital assistants ('TDAs"), 
cellular telephones, music players, and the like. Additionally, auto radios and global 
position system ("GPS") receivers also can have such a memory card socket. The 
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improvements of the present invention have application to a wide variety of host 
systems that include a memory card socket. 

[0020] In the examples described herein, the SD card is described but it will be 
understood that the invention is not limited to implementation with any specific type 
of removable electronic circuit card. In Figure 2, the physical configuration of a SD 
card 35 and a mating socket 33 are shown. The SD card is rectangular in shape, 
having dimensions of 24 millimeters by 32 millimeters, with a thickness of 2.1 
millimeters and narrow rails (not shown in Figure 2) along the longer sides of the card 
that are 1.4 millimeters thick. The present invention may be implemented with a card 
having one of a wide variety of sizes but has a high degree of usefulness with cards 
that are less than 50 millimeters in length, 40 millimeters in width and 3 millimeters 
in thickness. 

[0021] The SD card 35 contains nine surface electrical contacts 10-18. Contacts 
13, 14 and 16 are connected to power (Vss, Vdd and V S s2) when inserted into the host 
system socket 33. Card contact 15 receives a clock signal (CLK) from the host. 
Contact 12 receives commands (CMD) from the host and sends responses and status 
signals back to the host. The remaining contacts 10, 11, 17 and 18 (DAT 2, DAT 3, 
DAT 0 and DAT 1, respectively) receive data in parallel for storage in its non-volatile 
memory and send data to the host in parallel from the memory. A fewer number of 
data contacts are selectable for use, such as a single data contact 17. The maximum 
rate of data transfer between the host and the card is limited by the number of parallel 
data paths that are used. The MMC card described in the Background above has a 
similar contact layout and interface but omits the data pins 10 and 18 and does not use 
the contact 1 1, which is provided as a spare. The MMC card has the same dimensions 
and operates similarly to the SD card except that the card is only 1.4 millimeters thick 
and has a single data contact 17. The contacts of the card 37 are connected through 
respective pins 20-28 of the socket 33 to its host system. Other extensions of memory 
cards that are compatible with the present invention are described in U.S. patent 
application 09/924,185 filed August 2, 2001, which is hereby incorporated by 
reference. 
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[0022] The present invention is based on removable electronic circuit card, such 
as the card 35, modified to include in addition to a memory module such as indicated 
at 36, an input-output module 37. The input-output module 37 communicates directly 
with some other system 39 over a communications path 41. The communications 
path 41 can be wireless, such as by use of an infrared or radio frequency signal, or can 
include a wired connection. If by wires, the card 35 includes an external socket to 
removably receive a plug that is attached to the wires. If wireless, the card 35 
includes an antenna within it, if using radio frequency communication, or an infrared 
emitter and detector, if infra-red communications is being used. An emerging 
standard for radio frequency data communication has been published as the Bluetooth 
Specification, which is discussed by Wilson and Kronz, in two articles entitled "Inside 
Bluetooth Part T and "Inside Bluetooth Part IT 3 , appearing in the issues of Dr. Dobb 's 
Journal for March, 2000 (beginning at page 62) and April 2000 (beginning at page 
58), which articles are incorporated herein by this reference. Other wireless schemes 
include those based on the 802.1 1 protocol, such as WiFi, and ultra-wideband (UWB) 
technologies. The transfer of data over the communications path 41 will usually be in 
two directions but can certainly be limited to one direction or the other for specific 
applications. 

[0023] In some applications, the incident signal 41 may not explicitly originate 
with an external system 39. For example, the input-output module 37 could contain a 
photosensor or lens integrated into the card in order to function as a camera module. 
In this case, the signal 41 would be the incident radiation and the card would form a 
stand alone unit and would not need to interact through a cable or antenna with any 
entity but the host. 

[0024] In the exemplary embodiment, the combination card 35 including the 
input-output module 37 is based on and compatible with the SD memory card as 
described in the Background. This compatibility includes mechanical, electrical, 
power, signaling and software. The intent of the combination card 35 is to provide 
high-speed data I/O with low power consumption for mobile electronic devices. A 
primary goal is that a combination card inserted into a non-combination card aware 
host will cause no physical damage or disruption of that device or its software. In this 
case, the combination card should simply be ignored. Once inserted into a 
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combination card aware host, the detection of the card will be via the normal means 
described in version 2.11 of the MMC specification or United States patent 
application serial no. 09/641,023, both incorporated by reference above, with some 
extensions. In this state, the combination card will be idle and draw a small amount 
of power (15mA averaged over 1 second). During then normal initialization and 
interrogation of the card by the host, the card will identify itself as a combination card 
device. The host software will then obtain the card information in a tuple (linked list) 
format and determine if the card's I/O fiinction(s) are acceptable to activate. This 
decision will be based on such parameters as power requirements or the availability of 
appropriated software drivers. If the card is acceptable, it will be allowed to power up 
fully and start the I/O and fimction(s) built into it. 

[0025] In one embodiment, I/O access differs from memory access in that the 
registers can be written and read individually and directly without a FAT (file access 
table) file structure or the concept of blocks (although block access is supported). 
These registers allow access to the I/O data, control of the I/O function and report on 
status or transfer I/O data to/from the host. The SD memory typically relies on the 
concept of a fixed block length with commands reading/writing multiples of these 
fixed sized blocks. I/O may or may not have fixed block length and the read size may 
be different from the write size. Because of this, I/O operations may be based on 
either length (byte count) or a block size. 

[0026] Systems allowing the transfer of data between an external communication 
system and a host system via a card socket are described in European patent 
application EP 0891047 and International patent publication number WO 02/19266. 
However, the both of these depend upon a two-card structure, with an input-output 
card attaching to another card that in turn attaches to the card socket. European patent 
application EP 1 001 348 describes a memory-type card structure containing a data 
communication feature, but with rather limited memory and other capabilities. 

[0027] One or more of a number of input-output functions may be included in the 
card 35, either forming a single IO module 37 or with several modules. A modem is 
one example, where the commxmicating system 39 is a telephone system. A general 
data transfer function likely has a high degree of usefulness because of the wide 
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variety of types of data that users want to transfer. This includes the transfer of audio 
and video data, large database files, games and various other computer programs. 
According to a principle aspect of the present invention, such data is transferred 
directly between the remote system 39 and the memory module 36 without having to 
go through the host system 31. This is a form of direct memory access ("DMA"), and 
has particular advantages when long streams of data are being transferred. The host 
31 need not have the hardware or software to handle such data and the 
communications function. This is performed entirely by the card 35. Any limitations 
of the host system 31 for handling high speed data transfers, a limited internal 
memory capacity, or the like, do not limit transfers of data directly with the memory 
module 36. The host 31 may, however, provide power and a clock signal to the card 
35. 

[0028] Although the portion of the combination memory and input-output card 35 
that fits into the card socket 33 should confirm to the appropriate standard, such as 
that for the MMC card or SD card (described in version 2.11 of the MMC 
specification or United States patent application serial no. 09/641,023 both 
incorporated by reference above) in the exemplary embodiment, there are no 
particular restrictions on the size of the combination card 35 that extends beyond the 
socket, although it is preferable that they be made as small and light as possible. In 
particular, the SD card specification makes allowance for such an extension. The 
actual size of the extension will often be determined the nature of the I/O module 37 
or modules. For example, the I/O module 37 could contain a photo-sensor to allow 
photographs to be stored by the card 35 in the memory module, a use that could 
require a larger physical size for the I/O module 37 than some of the earlier examples. 

[0029] Generally, a size for the extension in plan view of less than 50 millimeters 
in length and 40 millimeters in width is quite convenient when formed with an 
insertable portion that is also less that this size. The thickness of the larger, external 
portion of cards may need to be made more than that of the standard SD memory 
cards in order to accommodate an additional number of integrated circuit chips and/or 
an antenna for radio frequency communication. But the extended card portion's 
thickness can be made less than 6 millimeters, and often less than 4 millimeters. 
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[0030] The exemplary embodiment of combination card 35 presents two separate 
modules, one memory 36 and one I/O 37, which reside together within a SD card 
form factor. The host 31 is capable of accessing each of the two modules separately, 
respectively through a memory card protocol and an I/O protocol. Block diagrams of 
two exemplary embodiments are shown in Figures 3 and 5. (In Figures 3 and 5, the 
card socket, 33 of Figure 1, can be taken as part of the host 31.) 

[0031] Figure 3 again shows host 31 connected to a combination card 35. In this 
embodiment, the memory module (36 in Figure 1) is made up of memory controller 
101 and memory 103 and the IO module (37 in Figure 1) is made up of IO controller 
105 and IO element 107. Both controllers 101 and 105 are connected to the SD Card 
bus 43, which, among other features, is of selectable width, as is described more fully 
in United States patent application serial no. 09/641,023. The IO element 107 again 
communicates with the external system 39, here taken as a local area network (LAN) 
over a communications path 41. As described above, the separate modules (memory 
and IO) on card 35 can communicate autonomously with the host 31 through the SD 
Card bus 43. 

[0032] First, consider the case where, although the memory and IO modules are 
part of the same card, no means is defined to transfer data between the two modules 
except througji an intensive host intervention. In this case, for every bit of data 
transferred between the modules, the host must first be read from the source module 
(memory/IO) and then write it to the target module (IO/memory, respectively). This 
consumes time, causes SD Card bus activity that draws current, and keeps the host 
busy. It also would require that the host has sufficient RAM memory to buffer the 
data being transferred, which may not be the case in some applications. The host may 
have a relatively limited RAM capacity, but the described DMA process could be 
used to store large amounts of data in the mass storage memory of the memory 
module for future use in the host without it having to pass through the host. For 
example, large files from the internet could be downloaded through the IO module to 
the memory module while the host deals with other processes that are running. 

[0033] More specifically, consider the case how a host 31 may use a combination 
card 35 for both downloading information from the LAN 39 and storing it into a mass 

-9- 



BNSDOCID: <WO 20040491 77A2_I_> 



WO 2004/049177 



PCT/US2003/040042 



storage flash memory of the memory 103, but without direct memory access (DMA) 
between the memory module and input-output module. This situation is similar to the 
case of when the two modules are not incorporated into a single card. In this case, 
each and every bit of information that the host 31 would like to download from the 
LAN 39 through an 10 protocol, and store into the non-volatile memory 103 through 
the SD memory card protocol (here the SD protocol), has to be processed directly by 
the host 31. Particular for large amounts of data, such as music or video content, this 
becomes particularly inefficient. A major aspect of the present invention is the 
introduction of a DMA mechanism between the two modules within the combination 
card mat dramatically decreases the host involvement in such operations. 

[0034] The introduction of a DMA mechanism between the IO and memory 
modules in a SD or other combination card 35 has a number of advantages. Since the 
host 31 only initiates the data transfer, it has a minimum involvement in the actual 
data transfer, and hence it can deal with other tasks while the 10 and memory modules 
transfer data amongst themselves. Also, as the SD bus 43 is idle during the data 
transfer, power consumption is reduced. Additionally, the DMA mechanism requires 
less command and response transaction, and thus the data transfer becomes faster than 
in the traditional way. 

[0035] The basic concept of the proposed DMA mechanism is to let the host 
initiate the DMA data transfer, and wait for DMA completion while the card modules 
transfer the data between themselves. Two versions of the exemplary embodiment for 
a SD combination card design are presented. In the first, described with respect to 
Figures 3 and 4 and referred to here as "Bus DMA", the two modules' controllers 
have minimal linkage between them and are both hooked up to the SD bus. In the 
second, described with respect to Figures 5 and 6 and referred to here as "Internal 
DMA", the two functions (Memory and IO) are managed by one controller, which is 
the only entity on the card side that interfaces directly with the SD Bus. 

[0036] Figure 3 is a block diagram of the bus DMA embodiment. There are two 
controllers, 101 and 105, within the card that each has an interface with the SD bus 
43. Data is transferred between memory 103 and IO 107 through the SD bus 43. In 
this embodiment, the host supplies clocks, but otherwise it is not involved in the data 



- 10- 



WO 2004/049177 



PCT/US2003/040042 



transfer. In this mode, although the DMA transfer may be supported in SD single bus 
mode, wide bus mode, or SPI mode, the bus width is preferably set to 1 bit prior to the 
DMA operation, in the manner described more fully in United States patent 
application serial no. 09/641,023. (Since the SD card uses DAT1 (described in 
version 2.11 of the MMC specification or United States patent application serial no. 
09/641,023) to generate an interrupt upon completion of the DMA transfer, and the 
host may not trace the bus transactions to determine the legal interrupt period in wide 
bus mode.) 

[0037] In this embodiment, when transferring data from LAN 39 to non-volatile 
mass storage memory in memory 103, data is first transferred over communications 
path 41 to IO 107. From there, it is transferred from IO controller 105 to memory 
controller 101 via SD bus 43 and then on to memory 103. As the data is transferred 
through the SD bus 43, the host can also access this data during the DMA transfer. 
This process is indicated schematically by the dotted line. Once the host instructs the 
card to perform the transfer, the process is performed independently of the host aside 
from providing a clock signal. The transfer from memory is performed in the 
corresponding inverse manner. 

[0038] Referring to Figure 4, the electronic system within a modified SD card 35 
according to Figure 3 is illustrated in block diagram in more detailed form. A 
memory controller 101 communicates with one or more memory units 103 over lines 
104. The controller 101 includes a microprocessor 106 and its interface circuits 109. 
The interface circuits 109, in turn, are interconnected with a memory 111, SD 
bus/host interface circuits 113, and memory interface circuits 115. The memory unit 
103 includes a controller interface 119 connected to the lines 104 and a flash memory, 
or non- volatile mass storage, array 121. The controller 101 and each memory unit 
103 are usually provided on separate integrated circuit chips attached to and 
interconnected on the card's printed circuit board, but the trend is to combine more 
onto single chips as improving processing technology allows. 

[0039] A connector schematically indicated at 123, which is connected through 
bus 43 to the interface 113, includes the surface contacts of the SD card that are 
inserted into the card socket 33 (Figures 1 and 2). The controller 101 controls flow of 
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commands and data between the memory units 103 and a host to which the card is 
connected. The controller 101 manages operation of the memory units 103 and their 
communication with the host in substantially the same manner as it does in current SD 
cards. 

[0040] In the IO module, IO controller 105 communicates with one or more IO 
units 107 over lines 145. The IO controller again includes a microprocessor 147 and 
its interface circuits 149. The interface circuits 149, in turn, are interconnected with a 
memory 151, SD bus/host interface circuits 153, and circuits 155 to interface with the 
input-output units 107. Again, the controller 105 and each IO unit 107 are usually 
provided on separate integrated circuit chips attached to and interconnected on the 
card's printed circuit board, but the trend is to combine more onto single chips as 
improving processing technology allows. Lines 145 are connected with a controller 
interface circuit 133, which, in turn, is connected with a processor interface circuit 
135. A microprocessor 137 that controls operation of the input-output card, and a 
memory 139, are also connected with the processor interface 135. Other 
implementations will not have microprocessor 137 in IO unit 107, but will instead 
have some dedicated logic plus a set of registers that are managed by the I/O 
controller 105. Generally, no specific DMA element is needed as both the memory 
controller 101 and the I/O controller 105 will know the DMA protocol. Finally, 
circuits 141 are further connected with the processor interface 135 for interfacing 
between the processor and signals or data that are sent and/or received through a 
transmission device 143. If wired communication is used, the device 143 is a 
receptacle for a plug. If wireless using radio frequencies, the device 143 is an 
antenna. If wireless using infrared communication, the device 143 includes an emitter 
and/or detector of an infrared radiation signal. In any event, the microprocessor 137 
controls the transfer of data between the device 143 and the connector 131. 

[0041] An internal DMA is shown with respect to Figures 5 and 6. The single 
controller 101' executes the data transfer between the IO unit 107 and memory unit 
103 internally. The SD Bus 43 can be completely idle during the DMA transfer, 
thereby reducing power consumption. Consequently, this is the more efficient 
method. The host may read the data being transferred in an internal DMA operation 
during the internal DMA operation, in which case one of the modules is the source of 

-12- 



RWQnmirv «rwn pofwo4fli77A2 I > 



WO 2004/049177 



PCTYUS2003/040042 



the data. To achieve that parallelism, the host should support wide bus mode 
interrupts, or switch the card to a single bus mode prior to the DMA operation, since 
the card uses DAT1 to generate an interrupt upon the internal DMA operation 
completion. (Again, see United States patent application serial no. 09/641,023 for bus 
mode details.) 

[0042] In the embodiment with the internal DMA support, when transferring data 
from LAN 39 to non- volatile mass storage memory in memory 103, data is again first 
transferred over communications path 41 to IO 107. Now, however, it is transferred 
to memory 103 directly through controller 101' without use of SD bus 43. This 
process is indicated schematically by the dotted line. Once the host instructs the card 
to perform the transfer, SD bus 43 is idle (unless the host 31 also reads from the IO 
module) and the process is performed independently of the host. The transfer from 
memory 103 to LAN 39 is performed in the corresponding inverse manner. The 
lighted dotted line from controller 101' to host 31 shows the optional data read during 
the internal DMA process. In the case of a data write during the inverse process, this 
arrow would also go the other direction. 

[0043] Figure 6 shows an electronic system within a modified SD card 35 
according to Figure 5 in more detailed form. A single controller 101 f communicates 
with one or more memory units 103 over lines 104 and one or more IO units 107 over 
lines 145. Memory unit 103 and IO unit 107 are the same as previously described 
with respect to Figure 4. The controller 101' is similar to memory controller 101 of 
Figure 4 and again includes a microprocessor 106' and its interface circuits 109', in 
turn, are interconnected with a memory 111', SD bus/host interface circuits 113', and 
memory interface circuits 115'. Controller 101 ' will now also include circuits 117 to 
interface with an input-output card. The primes are used to indicate the elements in 
controller 101 ' of Figure 6 may differ from the similarly number elements in Figure 4 
as they may differ somewhat since functions formerly handled in IO controller 105 of 
Figure 4 are now transferred to the combined controller 101 '. 

[0044] The controller 101 ', each memory unit 103, and each IO unit 107 are again 
usually provided on separate integrated circuit chips attached to and interconnected on 
the card's printed circuit board, but the trend is to combine more onto single chips as 
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improving processing technology allows. A connector schematically indicated at 123, 
which is connected through bus 43 to the interface 113, includes the surface contacts 
of the SD card that are inserted into the card socket 33 (Figures 1 and 2). The 
controller 101' controls flow of commands and data between the memory units 103 
and IO units 107 and a host to which the card is connected. 

[0045] Generally, a given card will support only one of the two DMA methods. 
Although the embodiment of Figures 3 and 4 show two controllers and that of Figures 
5 and 6 have a single controller, in practice tins division may be somewhat artificial 
and the various functions may be distributed in various manners between different 
chips of the card. As elements are combined on single chips, the division between 
controllers will become even more a matter of convention. The principled 
distinguishing feature between the bus DMA and the internal DMA process is the 
path used between the IO module and the mass storage module; namely, in the 
exemplary embodiment, whether the SD bus is used. 

[0046] An implementation within the exemplary SD card embodiment will now 
be described in more detail. To make the discussion more concrete, various 
commands, structures, and registers are referred to that are explained more fully in 
"The MultiMediaCard System Specification" versions 2.11 and 2.2 and United States 
patent applications Serial Nos. 09/185,649, 09/186,064, and 09/641,023, all of which 
application are incorporated by reference above. 

[0047] To indicate DMA support, two bits can be assigned to a card control 
register for DMA method determination. For example, a '00' value in those bits 
could mean No DMA Support, a '01' bus DMA, and a '10' internal DMA. The host 
need read these bits only once and apply it to all the following DMA transactions with 
that card. 

[0048] Within the SD Card command structure, a new command DMA CMD is 
defined for the DMA process. The host shall use it when it wishes to invoke a DMA 
operation. An exemplary command structure is the table of Figure 8. The first line in 
the table is the number of bits devoted to each of the items in the second line, that are 
denned as follows in this example: 

S(tart bit): Start Bit. Always '0'. 

- 14- 



DMervvirv *-wn onrWld9177A2 I > 



WO 2004/049177 



PCT/US2003/040042 



D(irection): Direction. Always *1\ indicates transfer from host to card. 
DMA Direction: ' 1 ' means that the data is transferred from IO to Memory, 
'0* means that data is transferred from Memory to IO 

IO Function Number: The number of the function within the IO modules the 

host wishes to read/write from/to the Memory module. 

OP Code: Defines the IO address to c 0' - fixed address, ' V - incrementing 

address. 

IO Register Address: Start address of IO register to read or write. 

Block Count: Number of data blocks to be transferred in the DMA operation* 

Stuff bit: has no meaning, always '0\ 

CRC 7: 7 bits of the command cyclic redundancy check (CRC). 

E(nd bit): End bit, always ' 1 * . 
In the SD or MMC command structure, the command is legal when the card is in a 
transfer state and ready to get data transaction commands from the host, after which 
the card will respond with a mode appropriate response. 

[0049] Figure 7 is a flow chart describing the DMA operation of the present 
invention. In step 701, the host reads the DMA designation bits in the card control 
register to determine if and what DMA method(s) is (are) supported. Although a card 
can support both DMA modes, the preferred embodiments are limited to a single 
mode per card as this simplifies both the specification and implementation. Hie host 
sends the DMA command, DMA_CMD, to the card in step 703. This includes DMA 
Direction (='0' if a transfer is required from the Memory module to an IO function, or 
'1 ' if vice versa), IO Function Number set to the required IO function, OP Code (='0' 
if the IO address is fixed or c l 9 if incremental), IO Register Address (set to reflect the 
start IO register address), and the Block Count. The Block Count is set to reflect the 
number of data blocks, whose size was set beforehand through CMD16 for Memory 
and CMD52/53 for IO in the SD/MMC command structure. 

[0050] In step 705, the card responds to the DMA__CMD. If there was any 
problem (e.g. illegal command), the flow terminates. The host sends a write/read 
command to the Memory module (CMDs 17/18 or 24/25 in the SD/MMC command 
structure) at step 707. Based upon the DMA type, the host determines what signals it 
needs to supply the card during the transfer. For example, if the method is bus DMA, 

-15- 

BNSDOCID: <WO 2004049 177A2 J _> 



WO 2004/049177 



PCT/US2003/040042 



the host continues to supply a clock signal to the SD bus, otherwise, it may stop the 
clocks. 

[0051] The two modules then transfer the data between themselves at step 711, 
with the card indicating the process is complete at step 713. In the SD Card case, 
upon completion of the DMA operation, the card generates an interrupt on DAT1 line 
(assert to 6 0'). Finally, as step 715 the host reads the normal Memory and IO status 
(CMD13 and CMD52 in the SD/MMC command structure) to determine the 
completion status. 

[0052] In the bus DMA embodiment based on the SD Card command structure, 
the handshake between the two modules, in terms of cyclic redundancy check (CRC), 
CRC Response and Busy indication, is the same as the handshake between a host and 
a card in a nonnal operation. The source module displays the data on the data line, 
followed by a CRC16 and End Bit. The target module responds with a CRC Response 
and busy indication. All the bus-timing definitions adhere to the regular SD bus 
timing. 

[0053] As noted above, although the present invention has been described in the 
context of a SD Card embodiment, it extends to any combination memory/IO card. 
For example, the invention can be extended to a combination card standard the uses 
an internal file system, such as cards that house SmartCard controllers. In such a 
system, host involvement can be greatly decreased since the host can specify a DMA 
operation for an entire file rather than having to initiate a DMA transfer for every 
chunk (for example, a disk cluster or other appropriate unit for the operating system) 
of a file. 

[0054] Although various aspects of the present invention have been described 
with respect to specific embodiments, it will be understood that the invention is 
protected within the fiill scope of the appended claims. 



- 16- 



\ 



WO 2004/049177 



PCT/US2003/040042 



IT IS CLAIMED : 

1. An electronic circuit card connectable to a host system, the card 

comprising: 

a memory module including a non-volatile mass data storage portion; 

and 

an input-output module to communicate data between the card and an 
external device, wherein, in response to a command from a host to which the card is 
connected, the card performs a data transfer between the external device and the non- 
volatile mass data storage memory using a direct memory access type transfer of said 
data between the input-output module and the mass data storage portion. 

2. The card of claim 1, wherein the memory module further 
includes a memory controller and the input-output module further includes an input- 
output controller, the card further comprising: 

a bus structure whereby data and commands are exchanged between 
the host and card, wherein the memory controller and the input-output controller are 
both independently connected the bus structure and wherein said direct memory 
access type transfer is preformed using the bus structure. 

3. The card of claim 2, wherein the host supplies a clock signal to 
the card over the bus structure during the direct memory access type transfer. 

4. The card of claim 1, wherein the memory module further 
includes a combined memory and input-output controller, the card further comprising: 

a bus structure whereby data and commands are exchanged between 
the host and card, wherein the combined controller is connected the bus structure and 
wherein said direct memory access type transfer is preformed without using the bus 
structure. 

5. The card of claim 4, wherein the direct memory access type 
transfer is performed independently of the host's clock. 

6. The card of claim 4, wherein the host can access said data 
during said direct memory access type transfer. 
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7. The card of claim 1, wherein the card conforms to the SD Card 

standard. 

8. The card of claim 1, wherein the input-output module includes 
an infrared transceiver. 

9. The card of claim 1, wherein the input-output module includes 
a radio frequency transceiver. 

10. The card of claim 1 5 wherein the input-output module includes 
port for a cable connection to the external device. 

11. A system, comprising: 
a host; 

an external communication device; and 

an electronic circuit card connectable to a host system, the card 

comprising: 

a memory module including a non-volatile mass data storage 

portion; and 

an input-output module to communicate data between the card 
and the external device, wherein, in response to a command from the host, the 
card performs a data transfer between the external device and memory using a 
direct memory access type transfer of said data between the input-output 
module and the mass data storage portion. 

12. The system of claim 11, wherein the memory module further 
includes a memory controller and the input-output module further includes an input- 
output controller, the card further comprising: 

a bus structure whereby data and commands are exchanged 
between the host and card, wherein the memory controller and the input- 
output controller are both independently connected the bus structure and 
wherein said direct memory access type transfer is preformed using the bus 
structure. 

13. The system of claim 12, wherein the host supplies a clock 
signal to the card over the bus structure during the direct memory access type transfer. 
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14. The system of claim 11, wherein the memory module further 
includes a combined memory and input-output controller, the card further comprising: 

a bus structure whereby data and commands are exchanged 
between the host and card, wherein the combined controller is connected the 
bus structure and wherein said direct memory access type transfer is 
preformed without using the bus structure. 

15. The system of claim 14, wherein the direct memory access type 
transfer is performed independently of the host's clock. 

16. The system of claim 14, wherein the host can access said data 
during said direct memory access type transfer. 

17. The system of claim 11, wherein the card conforms to the SD 

Card standard. 

18. The system of claim 11, wherein the input-output module 
includes an infrared transceiver. 

19. The system of claim 11, wherein the input-output module 
includes a radio frequency transceiver. 

20. The system of claim 11, wherein the input-output module 
includes port for a cable connection to the external device. 

2 1 . The system of claim 1 1 , further comprising: 

a socket structure whereby the card is attachable to the host. 

22. The system of claim 21, wherein the socket structure is part of 

the host. 

23. A method of communicating data between a non-volatile 
memory module of an electronic circuit card connected with a host system and an 
external device, comprising issuing a command from the host to the card and, in 
response, communicating data between the memory module and the external device 
through an input-output module of the card using a direct memory access transfer 
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between the non-volatile memory and the input-output module rather than through the 
host system. 

24. The method of claim 23, wherein data is wirelessly 
communicated between the input-output module and the external device through an 
antenna included within the input-output module. 

25. The method of claim 23 , wherein communicating data between 
the memory and the external device through the input-output module utilizes a 
controller in the card that also controls the transfer of data between the memory and 
the host system. 

26. The method of claim 25 , wherein communicating data between 
the host and the external device through the input-output module utilizes a controller 
in the card that also controls the transfer of data between the input-output module and 
the host system. 

27. The method of claim 26, wherein the host can access the data 
during the direct memory access transfer. 

28. An electronic circuit card connectable to a host system, the card 

comprising: 

a memory module including a non-volatile mass data storage portion; 

and 

an input-output module to perform an external data transfer including 
receiving data from and/or transmitting data to externally to the host-card system, 
wherein, in response to a command from a host to which the card is connected, the 
card performs the external data transfer to/from the non-volatile mass data storage 
portion using a direct memory access type transfer of said data between the input- 
output module and the mass data storage portion. 

29. The card of claim 28, wherein said data is image information. 

30. The card of claim 29, wherein the input-output module includes 
an image sensor. 
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3 1 . The card of claim 29, wherein the input-output module includes 

a lens. 

32. The card of claim 28, wherein the memory module further 
includes a memory controller and the input-output module further includes an input- 
output controller, the card further comprising: 

a bus structure whereby data and commands are exchanged between 
the host and card, wherein the memory controller and the input-output controller are 
both independently connected the bus structure and wherein said direct memory 
access type transfer is preformed using the bus structure. 

33. The card of claim 32, wherein the host supplies a clock signal 
to the card over the bus structure during the direct memory access type transfer. 

34. The card of claim 28, wherein the memory module further 
includes a combined memory and input-output controller, the card further comprising: 

a bus structure whereby data and commands are exchanged between 
the host and card, wherein the combined controller is connected the bus structure and 
wherein said direct memory access type transfer is preformed without using the bus 
structure. 

35. The card of claim 34, wherein the direct memory access type 
transfer is performed independently of the host's clock. 

36. The card of claim 34, wherein the host can access said data 
during said direct memory access type transfer. 

37. A system, comprising: 
a host; and 

an electronic circuit card connectable to a host system, the card 

comprising: 

a memory module including a non-volatile mass data storage 

portion; and 

an input-output module to perform an external data transfer 
including receiving data from and/or transmitting data to externally to the 
system, wherein, in response to a command from the host, the card performs 
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the external data transfer to/from the non-volatile mass data storage portion 
using a direct memory access type transfer of said data between the input- 
output module and the mass data storage portion. 

38. The system of claim 37, wherein said data is image 

information. 

39. The system of claim 38, wherein the input-output module 
includes an image sensor. 

40. The system of claim 38, wherein the input-output module 
includes an image sensor. 

41. The system of claim 37, wherein the memory module further 
includes a memory controller and the input-output module further includes an input- 
output controller, the card further comprising: 

a bus structure whereby data and commands are exchanged 
between the host and card, wherein the memory controller and the input- 
output controller are both independently connected the bus structure and 
wherein said direct memory access type transfer is preformed using the bus 
structure. 

42. The system of claim 38, wherein* the host supplies a clock 
signal to the card over the bus structure during the direct memory access type transfer. 

43. The system of claim 37, wherein the memory module further 
includes a combined memory and input-output controller, the card further comprising: 

a bus structure whereby data and commands are exchanged 
between the host and card, wherein the combined controller is connected the 
bus structure and wherein said direct memory access type transfer is 
preformed without using the bus structure. 

44. The system of claim 43, wherein the direct memory access type 
transfer is performed independently of the host's clock. 
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45. The system of claim 43, wherein the host can access said data 
during said direct memory access type transfer. 

46. The system of claim 37, further comprising: 

a socket structure whereby the card is attachable to the host. 

47. The system of claim 46, wherein the socket structure is part of 

the host. 
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